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INTERFERON STIMULATING PROTEIN 
AND USES THEREOF 

This application claims the bene?t of the ?ling date of 
Provisional Application Ser. No. 60/051,053 ?led Jun. 27, 
1997, Which is herein incorporated by reference in its 
entirety. 

FIELD OF THE INVENTION 

This invention relates to the baculovirus envelope glyco 
protein called the gp64 envelope fusion protein (gp64 EFP), 
also knoWn as gp64 or gp67 (hereafter “gp67”). The present 
inventors have suprisingly discovered that this glycoprotein 
induces both Type I (alpha, beta) and Type II (gamma) 
interferon (IFN) production, in vivo and in vitro. 
Accordingly, gp67 is referred to herein as “interferon stimu 
lating protein”, or ISP. Thus, the present invention relates to 
the use of ISP polypeptides, ISP fragments (i.e., portions of 
ISP), and ISP derivatives, variants and analogs, that dem 
onstrate biological activity (e.g., having anti-viral or anit 
cancer activity). The invention additionally relates to poly 
nucleotide sequences encoding ISP polypeptides, ISP 
fragments (i.e., portions of ISP), and ISP derivatives, vari 
ants and analogs, that have biological activity. The ISP 
polypeptides and polynucleotides of the invention, and 
fragments, variants, derivatives and analogs thereof, stimu 
late interferon production. Accordingly, speci?c embodi 
ments of the invention are directed to the administering a 
therapeutically effective amount of the ISP polypeptides and 
polynucleotides, and fragments, variants, derivatives and 
analogs of the invention, to a patient, (preferably human) to 
stimulate the production of interferon, such as for anti-viral, 
anti-parasitic, or anti-cancer therapy, and/or for immuno 
therapy. The invention also relates to ISP polypeptides, 
fragments, variants, derivatives and analogs having native 
gp67-like biological activity (e.g., having anti-viral or anti 
cancer activity), stability, immunogenicity, yield, and/or 
solubility. In speci?c embodiments, the ISP polypeptides, 
fragments, variants, derivatives and/or analogs of the inven 
tion have enhanced biological activity, increased stability, 
loWer immunogenicity, higher yield, and/or better solubility 
When compared to native gp67. 

BACKGROUND OF THE INVENTION 

The Baculoviridae are a family of enveloped animal 
viruses that are pathogenic to invertebrates, primarily 
insects. Baculoviruses have large circular double-stranded 
DNA genomes ranging from approximately 80 to 180 kbp. 
Baculoviruses are characteriZed by an infection cycle that 
produces tWo virion phenotypes that are structurally and 
functionally distinct. Blissard, G. W. and Rohrmann, G. F., 
Annu. Rev. Entomol. 35: 127—155 (1990). The ?rst virion 
phenotype produced in the infection cycle is the budded 
virus (BV). Production of the BV begins When viral nucleo 
capsids bud through the plasma membrane into the extra 
cellular space. BV is responsible for the systemic infection 
of insect cells and tissues in vivo and is highly infectious in 
cell culture systems. The second virion phenotype, the 
occlusion-derived virus (ODV), is produced in the very late 
phase of the infection cycle When nucleocapsids become 
enveloped Within the nucleus. Although BV and ODV 
appear to be identical in nucleocapsid structure, they differ 
in the sources of their envelopes. This difference results in 
differences in biochemical compositions and correlates With 
observed differences in relative infectivities for different 
tissues Within the insect and in tissue culture. Keddie, B. A. 
and Volkman, L. E., J. Gen Virol. 66:1195—1200 (1985). 
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Infectivity of BV is dependent on the major BV-speci?c 

envelope glycoprotein, gp67. See, e.g., Oomens et al., 
Virology 209:592—603 (1995). This envelope protein is an 
extensively processed type I integral membrane glycopro 
tein that has been studied in some detail. See, e.g., Jarvis, D. 
L. and Garcia, A., Virology 205:300—313 (1994); Blissard, 
G. W. and WenZ, J. R., J. Viral. 66:6829—6835 (1992). 
The gp67 proteins from three baculoviruses, Orgyia 

pseudotsugata multicapsid nuclear polyhedrosis virus 
(OpMNPV), Autographa californica multicapsid nuclear 
polyhedrosis virus (AcMNPV), and Choristoneura 
fumiferana multicapsid nuclear polyhedrosis virus 
(CfMNPV), shoW a high degree of amino acid sequence 
similarity (Blissard, G. W. and Rohrmann, G. F., Wrology 
170:537—555 (1989); Hill, J. E. and Faulkner, P., J. Gen. 
Virol. 75 :1811—1813 (1994)) With the predicted extracellular 
domains shoWing at least 82% identity across all three 
baculovirus gp67 proteins. The gp67 genes of AcMNPV and 
OpMNPV have been mapped, cloned, and sequenced 
(Whitford et al., J. Wr0l.63:1393—1399 (1989); Blissard, G. 
W. and Rohrmann, G. F., Virology 170:537—555 (1989)). 

The important role of gp67 in BV infectivity has been 
demonstrated by the neutraliZation of BV infectivity With 
monoclonal antibodies speci?c to gp67. See, Hohmann, A. 
W and Faulkner, P., Virology 125:432—444 (1983); Volkman 
et al., Virology 133:354—362 (1984). Later studies demon 
strated that gp67 is necessary and suf?cient for loW 
pH-activated membrane fusion activity, consistent With the 
role of gp67 in viral entry through the loW pH environment 
of the endosome. Blissard, G. W. and WenZ, J. R., J. Viral. 
66:6829—6835 (1992). More recently, Monsma et al., J. 
Viral. 70:4607—4616 (July 1996), used a stably transfected 
insect cell line that constitutively expressed the gp67 of 
Orgyia pseudotsugata multicapsid nuclear polyhedrosis 
virus (OpMNPV), to generate a recombinant gp67-null 
Autographa californica multicapsid nuclear polyhedrosis 
virus (AcMNPV) baculovirus. They then examined the 
effect of the gp67-null mutation on viral transmission in both 
cell culture and insect larvae. Monsma et al., demonstrated 
that gp67 is an essential virion structural protein that is 
required for propagation of the budded virus from cell to cell 
and for systemic infection of the host insect. 

Despite the fact that gp67 is a Well studied baculovirus 
envelope glycoprotein With a documented role in cell to cell 
transmission of infection, the recognition that gp67 induces 
Type I and Type II interferon production (and thereby 
confers, inter alia, anti-viral activity) has previously gone 
unnoticed. 

Interferons (IFNs) are a Well knoWn family of cytokines 
secreted by a large variety of eukaryotic cells upon exposure 
to various mitogens. The interferons have been classi?ed by 
their chemical and biological characteristics into three 
groups: IFN-alpha (leukocytes), IFN-beta (?broblasts), and 
IFN-gamma (lymphocytes). IFN-alpha and beta are knoWn 
as Type I interferons; IFN-gamma is knoWn as Type II or 
immune interferon. The IFNs exhibit anti-viral, 
immunoregulatory, and antiproliferative activity. The clini 
cal potential of interferons has been recogniZed, and Will be 
summariZed beloW: 

Anti-viral: IFNs have been used clinically for anti-viral 
therapy, for example, in the treatment of AIDS (Lane, H. C., 
Semin. Oncol. 18:46—52 (October 1991)), viral hepatitis 
including chronic hepatitis B and hepatitis C (Woo, M. H. 
and Burnakis, T. G., Ann. Pharmacother. 31:330—337 
(March 1997); Gibas, A. L., Gastroenterologist 1:129—142 
(June 1993)), papilloma viruses (Levine, L. A. et al., Urol 
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ogy 47:553—557 (April 1996)), herpes (Ho, M., Annu. Rev. 
Med. 38:51—59 (1987)), cytomegalovirus (CMV) 
(Yamamoto, N. et al., Arch. Virol. 94:323—329 (1987)), viral 
encephalitis (Wintergerst et al., Infection 20:207—212 (July 
1992)), and in the prophylaxis of rhinitis (Ho, M., Annu. 
Rev. Med. 38:51—59 (1987)). 

Anti-parasitic: IFNs have been suggested for anti-parasite 
therapy, for example, IFN-gamma for treating Cryptospo 
ridium parvum infection (Rehg, J. E., J. Infect. Des. 
174:229—232 (July 1996)). 

Anti-bacterial: IFNs have been used clinically for anti 
bacterial therapy. For example, IFN-gamma has been used in 
the treatment of multidrug-resistant pulmonary tuberculosis 
(Condos et al., Lancet 349:1513—1515 (1997)). 

Anti-cancer: Interferon therapy has been used in the 
treatment of numerous cancers (e.g., hairy cell leukemia 
(Hofmann et al., Cancer Treat. Rev. 12 (Suppl. B):33—37 
(December 1985)), acute myeloid leukemia (Stone. et al., 
Am. J. Clin. Oncol. 16:159—163 (April 1993)), osteosar 
coma (Strander et al., Acta Oncol. 34:877—880 (1995)), 
basal cell carcinoma (Dogan et al., Cancer Lett. 91:215—219 
(May 1995)), glioma (Fetell et al., Cancer 65:78—83 
(January 1990)), renal cell carcinoma (Aso et al., Prog. Clin. 
Biol. Res. 303:653—659 (1989)), multiple myeloma (Peest et 
al., Br. J. Haematol. 94:425—432 (September 1996)), mela 
noma (Ikic et al., Int. J. Dermatol. 34:872—874 (December 
1995)), and Hodgkin’s disease (Rybak et al., J. Biol. 
Response Mod. 9:1—4 (February 1990)). Synergistic treat 
ment of advanced cancer With a combination of alpha 
interferon and temoZolomide has also been reported (Patent 
publication WO 9712630 to Dugan, M. 

Immunotherapy: IFNs have been used clinically for 
immunotherapy or more particularly, immunosuppression, 
for example, to prevent graft vs. host rejection, or to curtail 
the progression of autoimmune diseases, such as arthritis, 
multiple sclerosis, or diabetes. IFN-beta is approved for sale 
in the United States for the treatment of multiple sclerosis 
(i.e., as an immunosuppressant). Recently, it has been 
reported that patients With multiple sclerosis have dimin 
ished production of type I interferons and interleukin-2 
(Wandinger et al., J. Neurol. Sci. 149:87—93 (1997)). In 
addition, immunotherapy With recombinant IFN-alpha (in 
combination With recombinant human IL-2) has been used 
successfully in lymphoma patients folloWing autologous 
bone marroW or blood stem cell transplantation, and may 
intensify remission folloWing transplantation (Nagler et al., 
Blood 89:3951—3959 (June 1997)). 

Anti-allergy: The administration of IFN-gamma has been 
used in the treatment of allergies in mammals (See, Patent 
Publication WO 8701288 to Parkin, J. M. and Pinching, A. 
J It has also recently been demonstrated that there is a 
reduced production of IL-12 and IL-12-dependent IFN 
gamma release in patients With allergic asthma (van der 
PouW Kraan et al., J. Immunol. 158:5560—5565 (1997)). 
Thus, IFN may be useful in the treatment of allergy by 
inhibiting the humoral response. 

Vaccine adjuvantation: Interferons may be used as an 
adjuvant or co-adjuvant to enhance or stimulate the immune 
response in cases of prophylactic or therapeutic vaccination 
(Heath, A. W. and Playfair, J. H. L., Vaccine 10:427—434 
(1992)). 

Clearly, there exists a need in the art for the discovery of 
proteins that stimulate endogenous, multi-form interferon 
production for numerous applications, in e.g., 
immunotherapy, as Well as anti-viral, anti-parasitic, anti 
bacterial, or anti-cancer therapies, or any medical condition 
or situation Where an increased production of interferon is 
desired. 
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SUMMARY OF THE INVENTION 

In accordance With one aspect of the present invention, 
there are provided isolated nucleic acid molecules, including 
mRNAs, DNAs, cDNAs, genomic DNA, as Well as anti 
sense analogs thereof, that encode biologically active and 
diagnostically or therapeutically useful fragments of ISP. 

In accordance With another aspect of the present 
invention, there are provided novel biologically active and 
diagnostically or therapeutically useful polypeptide 
fragments, variants, analogs, and derivatives of ISP. 

In accordance With another aspect of the present 
invention, novel variants of ISP are described. These can be 
produced by adding, deleting or substituting one or more 
amino acids of ISP. Natural mutations are called allelic 
variations. Allelic variations can be silent (no change in the 
encoded polypeptide) or may have altered amino acid 
sequence. In order to attempt to improve or alter the char 
acteristics of native ISP, protein engineering may be 
employed. Recombinant DNA technology knoWn in the art 
can be used to create novel polypeptides. Muteins and 
deletion mutations can shoW, e.g., loWer immunogenicity, 
enhanced activity or increased stability. In addition, they 
could be puri?ed in higher yield and shoW better solubility 
at least under certain puri?cation and storage conditions. 

In accordance With another aspect of the present 
invention, there is provided a process for producing such 
novel polypeptides by recombinant techniques through the 
use of recombinant vectors, such as cloning and expression 
plasmids useful as reagents in the recombinant production of 
ISP proteins, as Well as recombinant prokaryotic and/or 
eukaryotic host cells comprising an ISP nucleic acid 
sequence. 

In accordance With yet a further aspect of the present 
invention, there is provided a method for utiliZing full 
length ISP or ISP portions (i.e., fragments), variants, 
derivatives, and/or analogs, for therapeutic purposes, for 
example, to stimulate endogenous production of type I 
and/or type II interferons. As described above, type I and 
type II interferons are clinically useful in treating infection 
(e.g., of viral, parasitic, or bacterial origin), cancer, allergy, 
and/or for immunotherapy (eg for imunosuppression of 
autoimmune diseases, such as, multiple sclerosis) and as an 
adjuvant in vaccines to enhance or stimulate the immune 
response. Accordingly, it is believed that the administration 
of ISP polypeptides, fragments, variants, derivatives, and/or 
analogs of the invention is clinically useful for the treatment 
and/or prevention of these disorders as Well, or in the 
treatment of any disorder Where an increased production of 
interferon is desired. 

Accordingly, the present invention relates to a method of 
treating viral infection, bacterial infection, parasitic 
infection, cancer, autoimmune disorders, and allergy, using 
ISP polypeptides, fragments, variants, derivatives, and/or 
analogs of the invention, or polynucleotides there encoding. 

In accordance With yet a further aspect of the present 
invention, there are provided antibodies against such ISP 
polypeptides, fragments, variants, derivatives, and/or ana 
logs of the invention. 

In accordance With another aspect of the present 
invention, there are provided nucleic acid probes comprising 
nucleic acid molecules of sufficient length to speci?cally 
hybridiZe to ISP sequences or sequences homologous to ISP. 

In accordance With a further aspect of the present 
invention, there are provided mimetic peptides of ISP, Which 
can be used as therapeutic peptides. Mimetic ISP peptides 
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are short peptides Which mimic the biological activity of the 
ISP protein by binding to and activating the cognate recep 
tors of ISP. Mimetic ISP peptides can also bind to and inhibit 
the cognate receptors of ISP. 

In accordance With yet another aspect of the present 
invention, there are provided ISP polypeptides and 
fragments, variants, derivatives, and/or analogs thereof, that 
may be used in combination With other knoWn cytokines to 
promote the action of such polypeptides. For example, ISP, 
or a fragment thereof, can be used by itself or in combination 
With another cytokine (e.g., IL-12) to treat diseases associ 
ated With the underexpression of interferon (e.g., multiple 
sclerosis). 

In accordance With another aspect of the invention, there 
is provided a method of screening compounds to identify 
those Which antagoniZe or agoniZe the action of ISP, as 
measured by IFN production. 

In accordance With another aspect of the present 
invention, there is provided a process for utiliZing such 
polypeptides, or polynucleotides encoding such 
polypeptides, to identify cognate ligands (e.g., receptors) for 
ISP, and also their use for in vitro purposes related to 
scienti?c research, synthesis of DNA and manufacture of 
DNA vectors. 

These and other aspects of the present invention should be 
apparent to those skilled in the art from the teachings herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A—1D. FIG. 1A shoWs the complementary strand 
of the coding sequence (SEQ ID NO:1) and FIG. 1B shoWs 
the predicted amino acid sequence (SEQ ID NO:2) of the 
baculovirus (Autographica californica) gp67 disclosed in 
GenBank Accession: M25420 and NCBI accession Seq ID: 
293985. See, also, Whitford et al., J. Virol. 63:1393—1399 
(1989). Analysis of the predicted amino acid sequence using 
the PSORT program Nakai and M. Kanehisa, Genomics 
14:897—911 (1992)), predicts a signal peptide consisting of 
amino acid residues from 1 to about 21, an extracellular 
domain constituting amino acid residues from about 22 to 
about 487, a transmembrane domain constituting amino acid 
residues from about 488 to about 504; and an intracellular 
domain constituting amino acid residues from about 505 to 
about 511. FIG. 1C shoWs the complementary strand of the 
coding sequence (SEQ ID NO:3) and FIG. 1D shoWs 
predicted amino acid sequence (SEQ ID NO:4) of gp67 
contained in GenBank accession no. L22858; NID g510708, 
PID:g559197. Analysis of the predicted amino acid 
sequence using the PSORT program predicts that amino acid 
residues from about 39 to about 506 constitute an extracel 
lular domain; from about 22 to about 38 and from about 507 
to about 523 consitute transmembrane domains; and from 
about 524 to about 530 the intracellular domain. 

FIG. 2 is a graphic demonstration of the dose dependent 
anti-viral activity associated With ISP, in vitro. IFN-alpha, a 
knoWn anti-viral agent, has been included as a positive 
control. 

FIG. 3 shoWs an elution pro?le of supernatants obtained 
from baculovirus infected Sf9 cells. The solid line represents 
the absorbance at 215 nm While the dashed line depicts the 
salt gradient used to elute material from the HS column. The 
fractions marked With an arroW contained the majority of 
anti-viral activity and Were thus pooled, concentrated, and 
applied to the TSK-G2000 siZing column. 

FIG. 4 shoWs an elution pro?le of pooled fractions from 
the HS column. The solid and dashed lines depict the 
absorbance at 215 and 280 nm, respectively. The majority of 
ISP activity eluted in Fraction 1. 
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FIG. 5 shoWs an SDS-PAGE (4—20%) analysis of TSK 

G2000 fractionated ISP. Lanes 1—4 Were run under non 

reducing conditions, While lanes 6—10 Were run in the 
presence of DTT (i.e., reduced). The single band marked 
With an arroW in lane 7 Was transblotted and prepared for 
microsequencing. 

FIG. 6 shoWs amino-terminal microsequencing of the 
transblotted material from fraction 1 of the TSK-G2000 
column (cf. FIG. 5, supra). Sequencing Was terminated after 
10 cycles and the sequences analyZed for percent represen 
tation and homology to knoWn sequences. The predominant 
sequence Was identical to that of the gp67-envelope glyco 
protein from A. californica. A second minor sequence Was 
identi?ed Which Was highly homologous to a knoWn UDP 
glucosyl transferase, also from A. californica. 

FIG. 7 is a bar graph shoWing the effect of ISP on 
IFN-gamma production by phytohemagglutinin (PHA) 
stimulated peripheral blood mononuclear cells (PBMCs) 
over 48 hours. The ?gure shoWs that ISP induces PHA 
stimulated PBMC to secrete IFN-gamma. IFN-gamma pro 
duction by PBMC Was monitored by ELISA. IL-12, a 
knoWn inducer of IFN-gamma Was used as a positive 
control. ISP induced IFN-gamma production at levels com 
parable to that observed With 1 ng/ml IL-12. 

FIG. 8 is a bar graph shoWing that ISP induced IFN 
gamma production by PHA stimulated PBMC Was IL-12 
dependent. The positive control in this experiment Was 
IL-12. As expected, an anti-IL-12 monoclonal antibody 
inhibited IL-12 induced IFN-gamma production. The same 
antibody also inhibited ISP induced IFN-gamma production, 
suggesting that ISP Works through IL-12. 

FIGS. 9A, 9B, and 9C are graphs depicting the anti-viral 
effect of ISP, IFN-gamma, and human IFN-alpha A/D on 
mice challenged With EMCV. FIG. 9C shoWs that ISP 
protects mice from lethal challenge With EMCV. The posi 
tive controls Were murine IFN-gamma (FIG. 9A) and human 
IFN-alpha A/D (FIG. 9B), both of Which are knoWn to be 
potent anti-viral agents in vitro and in vivo. ISP is shoWn to 
protect mice to the same extent as that observed With 
mIFN-gamma and hIFN-alpha treated mice. 

FIGS. 10A and 10B are graphs depicting the duration of 
the anti-viral effect of ISP, mIFN-gamma and human IFN 
alpha A/D. FIG. 10B shoWs that the anti-viral effect of ISP 
is long lasting as demonstrated by the ability of mice 
previously treated With ISP to resist a second lethal chal 
lenge With EMCV Without the need for additional ISP. 
Similar results Were obtained With mIFN-gamma treated 
mice (FIG. 10A). 

FIGS. 11A and 11B shoWs a structural analysis of the ISP 
polypeptides depicted in FIG. 1A and FIG. 1B, respectively. 
Alpha, beta, turn and coil regions; hydrophilicity and hydro 
phobicity; amphipathic regions; ?exible regions; antigenic 
index and surface probability Were identi?ed using the 
default settings of the indicated computer progragm. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

As discussed above, despite the fact that native gp67 is a 
Well studied baculovirus envelope glycoprotein With a docu 
mented role in cell to cell transmission of infection, the 
recognition that gp67 stimulates interferon production (and 
thereby exhibits, inter alia, anti-viral activity) has previously 
gone unappreciated. In fact, the present inventors’ discovery 
of this activity Was completely serendipitous. 

Brie?y, the inventors had been conducting routine protein 
screening, When it Was noticed that supernatants obtained 
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from baculovirus (Autographica californica nuclear poly 
hedrosis virus (AcNPV)) infected Sf9 cells protected normal 
human dermal ?broblasts from an otherwise lethal infection 
With either encephalomyocarditis virus (EMCV) or vesicu 
lar stomatitis virus (VSV). This activity Was initially attrib 
uted to the recombinant human protein, osteo-anti-viral 
protein (OAP), that had been cloned into the virus. HoWever, 
subsequent puri?cation of OAP and analyses of supernatants 
obtained from Wild-type AcNPV infected cells indicated that 
the anti-viral activity Was not of human origin, but rather, 
Was derived from either the baculovirus or the Sf9 insect cell 
line in Which the protein had been produced. Based on these 
results, it Was decided that the potential therapeutic value of 
such an anti-viral agent Was of sufficient interest to Warrant 
further investigation into the nature of the agent, as Well as 
its mechanism of action. 

The inventors ?rst began experimenting With the bacu 
lovirus genome. The entire baculovirus genome Was 
screened for anti-viral activity, but this approach failed. 
HoWever, using classical biochemical puri?cation of this 
anti-viral agent in addition to independent con?rmation by 
monoclonal antibody technology, it Was determined that this 
anti-viral agent Was in fact the baculovirus envelope protein 
gp67, and that the induction of an anti-viral state Was elicited 
through the induction of multiple forms (alpha, beta, and 
gamma) of interferon. The ability of gp67 to induce multiple 
forms of IFN led the inventors to name this protein “Inter 
feron Stimulatory Protein” or ISP. The experiments leading 
up to the discovery of this neW use for gp67 are further 
described in the Examples beloW. 
Nucleic Acid Molecules 

The ISP polynucleotides (including fragments) of the 
present invention may be in the form of RNA, such as 
mRNA, or in the form of DNA, including, for instance, 
cDNA and genomic DNA obtained by cloning or produced 
synthetically. The DNA may be double-stranded or single 
stranded, and if single stranded, may be the coding strand 
(sense) or non-coding (anti-sense) strand. 

In one embodiment, the ISP polypeptides of the invention 
comprise a polypeptide selected from the group consisting 
of: (a) a nucleotide sequence encoding the ISP polypeptide 
having the complete amino acid sequence shoWn in FIG. 1B 
(SEQ ID NO:2); (b) a nucleotide sequence encoding the ISP 
polypeptide having the complete amino acid sequence 
shoWn in FIG. 1D (SEQ ID NO:4); (c) a nucleotide sequence 
encoding the extracellular domain of the ISP amino acid 
sequence shoWn in FIG. 1B (amino acid residues 22 to 487 
in SEQ ID NO:2); (d) a nucleotide sequence encoding the 
extracellular domain of the ISP amino acid sequence shoWn 
in FIG. 1D (amino acid residues 39 to 506 in SEQ ID NO:4); 
(e) a nucleotide sequence encoding the ISP extracellular and 
transmembrane domain depicted in FIG. 1B (SEQ ID 
NO:2); a nucleotide sequence encoding the ISP extracel 
lular and one or both of the transmembrane domains 
depicted in FIG. 1D (SEQ ID NO:4), (g) a nucleotide 
sequence encoding the ISP extracellular and intracellular 
domains depicted in FIG. 1B, With all or part of the 
transmembrane domain deleted; (h) a nucleotide sequence 
encoding the ISP extracellular domain and intracellular 
domains depicted in FIG. 1D, With all or part of one or both 
of the transmembrane domains deleted; and a nucleotide 
sequence complementary to any of the nucleotide sequences 
in (a), (b), (c), (d), (e), (f), (g), or (b) 

The present invention further relates to variants of the 
hereinabove described polynucleotides Which encode for 
fragments, analogs and derivatives of the ISP polypeptide. 
The variant of the polynucleotide may be a naturally occur 
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8 
ring allelic variant of the polynucleotide or a non-naturally 
occurring variant of the polynucleotide By an “allelic vari 
ant” is intended one of several alternate forms of a gene 
occupying a given locus on a chromosome of an organism. 
Genes II, LeWin, B., ed., John Wiley & Sons, NeW York 
(1985). Non-naturally occurring variants may be produced 
using art-knoWn mutagenesis techniques. 

Such variants include those produced by substitutions, 
deletions or additions, Which may involve one or more 
nucleotides. The variants may be altered in coding regions, 
non-coding regions, or both. Alterations in the coding 
regions may result in the expression of ISP polypeptides 
having conservative or non-conservative amino acid 
substitutions, deletions or additions. Especially preferred 
among these are silent substitutions, additions and deletions, 
Which do not alter the properties and activities (e.g., anti 
viral activity, anti-cancer activity, and inducing interferon 
production) of the ISP polypeptide or portions thereof. Also 
especially preferred in this regard are conservative substi 
tutions. 

Further embodiments of the invention include isolated 
nucleic acid molecules comprising, a polynucleotide having 
a nucleotide sequence at least 90% identical, and more 
preferably at least 95%, 96%, 97%, 98% or 99% identical to, 
or alternatively, Which is 80—85%, 80—90%, 85—90%, 
90—95%, 90—96%, 90—97%, or 90—97% identical to: (a) a 
nucleotide sequence encoding the ISP polypeptide having 
the complete amino acid sequence shoWn in FIG. 1B (SEQ 
ID NO:2); (b) a nucleotide sequence encoding the ISP 
polypeptide having the complete amino acid sequence 
shoWn in FIG. 1D (SEQ ID NO:4); (c) a nucleotide sequence 
encoding the extracellular domain of the ISP amino acid 
sequence shoWn in FIG. 1B (amino acid residues 22 to 487 
in SEQ ID NO:2); (d) a nucleotide sequence encoding the 
extracellular domain of the ISP amino acid sequence shoWn 
in FIG. 1D (amino acid residues 39 to 506 in SEQ ID NO:4); 
(e) a nucleotide sequence encoding the ISP extracellular and 
transmembrane domain depicted in FIG. 1B (SEQ ID 
NO:2); a nucleotide sequence encoding the ISP extracel 
lular domain and one or more of the transmembrane 

domains depicted in FIG. 1D (SEQ ID NO:4); (g) a nucle 
otide sequence encoding the ISP extracellular and intracel 
lular domain depicted in FIG. 1B, With all or part of the 
transmembrane domain deleted; (h) a nucleotide sequence 
encoding the ISP extracellular and intracellular domains 
depicted in FIG. 1D, With all or part of one or both of the 
transmembrane domains deleted; and a nucleotide 
sequence complementary to any of the nucleotide sequences 
in (a), (b), (c), (d), (e), (f), (g), or (b) 
By a polynucleotide having a nucleotide sequence at least, 

for example, 95% “identical” to a reference nucleotide 
sequence encoding a gp67 polypeptide is intended that the 
nucleotide sequence of the polynucleotide is identical to the 
reference sequence except that the polynucleotide sequence 
may include up to ?ve point mutations per each 100 nucle 
otides of the reference nucleotide sequence encoding the 
gp67 polypeptide. In other Words, to obtain a polynucleotide 
having a nucleotide sequence at least 95% identical to a 
reference nucleotide sequence, up to 5% of the nucleotides 
in the reference sequence may be deleted or substituted With 
another nucleotide, or a number of nucleotides up to 5% of 
the total nucleotides in the reference sequence may be 
inserted into the reference sequence. These mutations of the 
reference sequence may occur at the 5 or 3 terminal posi 
tions of the reference nucleotide sequence or anyWhere 
betWeen those terminal positions, interspersed either indi 
vidually among nucleotides in the reference sequence or in 
























































